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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] This invention relates to a silica-modified silicoaluminophosphate catalyst, a method for preparing the same,
and a process for producing methylamines or lower olefins through a methanol conversion reaction using the same.
More particularly, the invention relates to a silica-modified silicoaluminophosphate catalyst which is useful for various
catalytic reactions, including production of methylamines through a reaction of methanol with ammonia or monometh-
ylamine, production of dimethylamine through a disproportionation reaction of monomethylamine, and production of
lower olefins from methanol, and a method for preparing such catalysts, as well as a process for producing methyl-
amines or lower olefins using such catalysts.

[0002] Methylamines, specifically dimethylamine, are important materials for production of solvents, typically dimeth-
ylformamide, rubber products, pharmaceuticals, surfactants and others. Lower olefins are key materials in the chemical
industry.

2. Description of the Related Art

[0003] Using methanol which is obtained from natural gas in a large scale at a moderate cost, many efforts have so
far been made to convert it to useful chemicals, for example, olefins, ethylene glycol, ethanol, etc. However, these
have not yet been successfully conducted in a commercial scale. Important, commercially available methanol deriva-
tives involve formaldehyde and methylamines. It has already been known that methylamines and olefins are produced
from methanol by using silicoaluminophosphate molecular sieves as a catalyst. Methylamines have generally been
produced from methanol and ammonia at a temperature around 400°C using a solid catalyst such as silica-alumina.
It has also been known that methylamines can be produced from methanol and other methylamines, or through dis-
proportionation of monomethylamine. In these processes for producing methylamines, however, the main product is
trimethylamine for which there is little demand in the marketplace. Thus, a process for producing dimethylamine in a
higher selectivity has been desired, because of its biased demand among three methylamines.

[0004] Inrecentyears, a number of methods for producing methylamines using zeolite catalysts have been proposed,
which are more advantageous as compared with the silica-alumina catalysts used so far. For example, there are meth-
ods using zeolites, such as zeolite A (JP 56-69846A); FU-1 (JP 54-148708A); ZSM-5 (U.S. Patent No. 4082805);
ferrierite and erionite (JP 59-113747A); ZK-5, RHO, chabazite and erionite (JP 61-254256A); and mordenite (JP
56-46846A, JP 58-49340A, JP 59-210050A and JP 59-227841A). Also, a method for producing monomethylamine and
the like in an amount exceeding the thermodynamic equilibrium proportion by using a silicoaluminophosphate has been
proposed (JP 2-734A).

[0005] Meanwhile, ethylene, propylene and other important olefins can be derived from methanol by using zeolites
and silicoalumino-phosphates as a catalyst, and a number of methods have been proposed after active studies. Among
them, a silicoaluminophosphate catalyst, for example, SAPO-34 catalyst developed by UOP (JP 59-84829A), has been
well known from its excellent performances. However, SAPO-34 has small pore diameters of approximately 0.4 nm,
and necessitates a high reaction temperature of 400 to 450°C, thereby being suffered from coking, with a short catalyst
life of several hours. When the silicoaluminophosphates are prepared according to the conventional methods disclosed
in literatures, for example, JP 59-35018A, JP 60-251122A and JP 60-260420A, the products are not free from some
disadvantages, such as the long crystallizing period of time, a large amount of impurities, and a low degree of crystal-
lization due to the remaining amorphous components. Furthermore, the silicoaluminophosphates thus prepared have
insufficient performances as a methylamine catalyst, in respect to methanol conversion ratio and dimethylamine se-
lectivity, and also as a lower olefin catalyst, in respect to activity, selectivity and catalyst life.

[0006] EP-A-161818 refers to a crystalline metal aluminophosphate catalyst treated with an activating metal oxide
such as SiO, by intimately ground in the presence of water whereby the metal is incorporated in the aluminum phos-
phate lattice structure.

[0007] US-A-5126308 relates a catalyst for converting methanol to light olefins prepared by usual hydrothermal crys-
tallization in the presence of templating agents receiving a crystalline metal aluminophosphate.

[0008] EP-A-324267 discloses a process for the production of alkylamines in the presence of SAPO molecular sieve
which has a microporous framework structure containing silicon, aluminum, phosphorus and at least one other element.

SUMMARY OF THE INVENTION

[0009] An object of the invention is to provide for a catalyst for producing methylamines which is free from the dis-
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advantages as seen in the conventional catalysts, a method for preparing said catalyst, and a process for producing
methylamines or lower olefins through a methanol conversion reaction by using said catalyst.

[0010] After having made extensive studies on the more economical processes for producing chemicals derived from
methanol, for example, dimethylamine and lower olefins, as well as the catalysts commercially usable for that purposes,
the present inventors have finally accomplished the present invention. They find that a crystalline silicoaluminophos-
phate catalyst prepared according to definite steps and then modified with silica as mentioned below surprisingly ex-
hibits a high methanol conversion ratio and an excellent dimethylamine selectivity in the production of methylamines,
particularly dimethylamine, from methanol and ammonia or monomethylamine. Furthermore, said catalyst also exhibits
an excellent selectivity in the conversion of methanol to lower olefins, along with the other unexpected results, such
as longer catalyst life than in conventional ones.

[0011] Accordingly, the invention provides a silica-modified crystalline silicoaluminophosphate catalyst which is ap-
plicable to various catalytic reactions, including production of methylamines, mainly dimethylamine, through a reaction
of methanol with ammonia or monomethylamine, or through a disproportionation reaction of methylamines, and pro-
duction of lower olefins such as ethylene and propylene from methanol. The present invention further provides a method
for preparing such catalysts. The present invention further provides a process for producing methylamines or lower
olefins through a methanol conversion reaction using such catalysts.

[0012] More particularly, the catalysts according to the invention are crystalline silicoaluminophosphate molecular
sieves modified with silica. The crystalline silicoaluminophosphate molecular sieves contain as the main constituent
at least one member selected from the group consisting of SAPO-5, 11, 17, 18, 26, 31, 33, 34, 35, 42, 43, 44, 47 and
56. The relationship between the number of a SAPO and the structure of the SAPO is described in Encyclopedia of
Inorganic Chemistry, Vol. 8, 4369 (1994). The crystalline silicoaluminophosphate molecular sieves are of H-type, or
that partially replaced by atoms selected from the group consisting of Li, Ti, Zr, V, Cr, Mn, Fe, Co, Zn, Be, Mg, Ca, B,
Ga and Ge. Mole ratio of the silica constituent in the crystalline silicoaluminophosphate is in the range of from 0.02 to
0.5, based on mole of the alumina.

[0013] The catalysts of the present invention are prepared by modifying the crystalline silicoaluminophosphate mo-
lecular sieves with silica. The silica-modification is effected by treating the catalyst with an Si-source compound, thereby
silicon atoms being accumulated, precipitated or coated on the surface, by vapor phase silane treatment through chem-
ical vapor deposition (CVD) using silicon tetrachloride, or by silane treatment with an organic silicon compound.
[0014] Further, the crystalline silicoaluminophosphates may be prepared by addition of an aluminum alkoxide to an
aqueous amine or organic ammonium salt solution cooled to a temperature of not higher than 20°C, followed by hy-
drolysis, until a uniform aqueous aluminum hydroxide colloid or solution is produced; addition, to the colloid or solution,
of silica or other Si-source compound, and phosphoric acid or other P-source compound, if desired, along with a metal
source selected from the group of Li, Ti, Zr, V, Cr, Mn, Fe, Co, Zn, Be, Mg, Ca, B, Ga and Ge, and then hydrothermal
treatment of the resulting mixture. In other words, the crystalline silicoaluminophosphates are those prepared by hy-
drothermally treating a material mixture consisting of oxides, an amine and water as shown in the formula (1):

Al,O,:(140.2)P,05+(0.5+0.45)Si0,*(1.5+0.5)Amine-(75+25)H, 0 1)

wherein "Amine" means an amine or organic ammonium salt having 1 to 16 carbon atoms.
BRIEF DESCRIPTION OF THE DRAWING

[0015] The accompanying drawing shows a reaction process used in Example 14 and Comparative Example 10. In
the figure, a mark 1 is a flowing passage for feeding materials to the primary reactor; 2, a flowing passage; 3, a flowing
passage for feeding materials to the secondary reactor; 4, a flowing passage; 5, a flowing passage for trimethylamine;
and 6, a flowing passage for dimethylamine. MeOH, MA, DMA and TMA means methanol, monomethylamine, dimeth-
ylamine and trimethylamine, respectively.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0016] The material crystalline silicoaluminophosphate molecular sieves which are to be silica-modified according
to the invention are, as disclosed in, for example, JP 57-77015A, those in which a crystalline aluminum phosphate
compound (ALPO) having a chemical composition of the formula (2) when represented by mole ratio of oxides excepting
the crystal water and an organic base as templating agent, is isomorphically replaced at a part of P or Al-P linkage
with Si, and typically referred to as SAPOs.
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Al,04-(1.0£0.2)P,0, @)

As such crystalline silicoaluminophosphates, there are mentioned, for example, SAPO-5, 11, 17, 18, 26, 31, 33, 34,
35, 37, 40, 41, 42, 43, 44, 47 and 56, as well as those isomorphically replaced by Li, Ti, Zr, V, Cr, Mn, Fe, Co, Zn, Be,
Mg, Ca, B, Ga or Ge.

[0017] Inorderto obtain dimethylamine selectively, the minimum effective micropore diameter of the molecular sieves
is preferably within the range of 0.3 to 0.6 nm. According to the IUPAC structural code of zeolitic compounds, ABW,
AEIl, AFX, APC, ATN, ATT, ATV, AWW, CHA, DDR, EAB, ERI, GIS, JBW, KFI, LEV, LTA, MER, MON, PAU, PHI, RHO,
RTE, RTH, and VNI of 8-membered ring structure; CHI, LOV, RSN, and VSV of 9-membered ring structure; DAC, EPI,
FER, LAU, MEL, MFI, MFS, MTT, NES, TON, and WEI of 10-membered ring structure; and AFS, AFY, ATO, CAN,
GME, MAZ, MEI, MTW, OFF, RON, and VET of 12-membered ring structure can be mentioned, and SAPOs corre-
sponding to these structures are particularly preferred. Specifically, SAPO-5, 11, 17, 18, 26, 31, 33, 34, 35, 37, 40, 41,
42,43, 44, 47 and 56 are mentioned, among which particularly preferable are SAPO-5, 11, 17, 18, 26, 31, 33, 34, 35,
42, 43, 44, 47 and 56. The crystalline silicoaluminophosphate molecular sieves may be of H-type, or that partially
replaced by atoms selected from the group of Li, Ti, Zr, V, Cr, Mn, Fe, Co, Zn, Be, Mg, Ca, B, Ga and Ge. Such crystalline
SAPOs can readily be prepared from an aluminum compound, an aqueous phosphate solution with an Si-source com-
pound, and an amine or quaternary ammonium compound as templating agent.

[0018] Methods for preparing crystalline silicoaluminophosphate molecular sieves, which are the materials for pre-
paring the silica-modified crystalline silicoaluminophosphate molecular sieves of the present invention, are generally
known in the art, for example, as disclosed in JP 59-35018A. In order to secure the molecular sieve catalysts having
excellent characteristics for producing methylamines or lower olefins according to the invention, however, itis necessary
to control the sequence of addition of materials and the temperature range. If the temperature is higher than 20°C,
crystalline aluminum hydroxide tends to form and may remain as impurity. Accordingly, preferable temperatures are
not higher than 20°C. Thus, it is desirable to prepare the catalyst by making a uniform aqueous aluminum hydroxide
colloid or solution through addition of an aluminum alkoxide to an aqueous amine or organic ammonium salt solution
at a temperature of 0 to 10°C, followed by hydrolysis, then adding, to the colloid or solution, silica or other Si-source
compounds, and phosphoric acid or other P-source compounds, if desired, along with a metal source selected from
the group of Li, Ti, Zr, V, Cr, Mn, Fe, Co, Zn, Be, Mg, Ca, B, Ga and Ge, and hydrothermally treating the resulting mixture.
[0019] The preferable aluminum sources used for the material include pseudoboehmite and aluminum alkoxide hav-
ing 3 to 24 carbon atoms, among which aluminum isopropoxide is the most preferable. The preferable Si-sources
include silica, silica sol and ortho-silicic acid. The particularly, though not exclusively, preferable P-source includes
ortho-phosphoric acid. The preferable templating agents include amines and organic ammonium salts having 3 to 24
carbon atoms. For example, there are mentioned trimethylamine, triethylamine, triethanolamine, isopropylamine, dib-
utylamine, dipentylamine, dihexylamine, piperidine, choline, morpholine, cyclohexylamine, 2-methylpyridine, 4-meth-
ylpyridine, tripropylamine, quinuclidine, N-methylcyclohexylamine, N,N-dimethylbenzylamine, N,N-dimethyleth-
anolamine, N,N-diethyl-ethanolamine, N,N-dimethylpiperazine, tetraethylammonium hydroxide, tetrapropylammonium
hydroxide, tetrabutylammonium hydroxide and the like.

[0020] The metal sources, which may be added if desired, are preferably water-soluble salts, such as nitrate, sulfate
and chloride, of the desired metals.

[0021] Particularly preferable composition of the material mixture for preparing the crystalline silicoaluminophos-
phates ranges 0.8 to 1 mole of P,Og, 0.05 to 0.95 mole of silica, 0.5 to 2 moles of amine templating agent and 50 to
100 moles of water, based upon one mole of alumina. The composition of the material mixture is preferably so adjusted
that the mole ratio of silica to alumina in the resulting crystalline silicoaluminophosphate molecular sieve is within the
range of 0.02 to 0.5.

[0022] For the hydrothermal treatment of the material mixture, the reaction is effected preferably in a Teflonlined
pressure vessel at a temperature of 100 to 250°C under autogenous pressure usually for 1 to 200 hours to obtain
crystalline silicoaluminophosphate. Then, formed crystals are separated by filtration, decantation or centrifugation.
Then, they are desirably washed well with water until the washings become neutral. The crystals are dried generally
at a temperature of 80 to 150°C, and then calcinated at a temperature of 350 to 700°C, preferably 500 to 600°C, in a
stream of the air or other oxidizing atmosphere.

[0023] The crystalline silicoaluminophosphate molecular sieves thus prepared are particularly, though not exclusive-
ly, useful as catalyst for the reaction of methanol with ammonia or monomethylamine. The crystalline molecular sieves
above are also useful for the conversion of methylamines such as monomethylamine to dimethylamine through a
disproportionation reaction. Furthermore, the crystalline molecular sieves above are useful as a catalyst for the pro-
duction of lower olefins from methanol. However, in order to attain an improved selectivity and life as catalyst, the
crystalline silicoaluminophosphate molecular sieves are better subjected further to an immersion treatment using, for
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example, mineral acids or chelating agents, a steam heating treatment, or a silica-modification, among which the silica-
modification is the most effective.

[0024] The silica-modification is effected by treating the catalyst with an Si-source compound, thereby Si atoms being
accumulated, precipitated or coated at the surface, by vapor phase silane treatment through CVD using silicon tetra-
chloride, or by a silane treatment with an organic silicon compound. Among them, the silane treatment with an organic
silicon compound is preferable, and a simple liquid phase silane treatment is particularly preferable.

[0025] Organic silicon compounds used for the silane treatment include alkyl- or arylsilanes such as triethylsilane,
methylphenylsilane, phenylsilane, diphenylsilane and triethylsilane; chlorosilanes such as methyldichlorosilane, ethyl-
methylchlorosilane, dimethyldichlorosilane and phenylmethylchlorosilane; alkoxysilanes such as trimethoxysilane, te-
tramethoxysilane, triethoxysilane, tetraethoxysilane, diethoxymethylsilane and allyloxytrimethylsilane; silylamines
such as N,N-dimethylaminotrimethylsilane, N,N-dimethylaminodimethylsilane and tris(N,N-dimethylamino)methylsi-
lane; and silylamides such as N,O-bis(trimethylsilyl)acetamide, N-trimethylsilylacetamide and bistrimethylsilylurea.
Among them, cholorosilanes and alkoxysilanes are preferable, because of their economical costs, particularly alkox-
ysilanes being most preferred. In the silica-modification through the silane treatment, it is more effective that the crys-
talline molecular sieves are adequately subjected to a treatment in advance, such as a treatment by steam heating at
a temperature of 250 to 750°C, a treatment by immersion using an acid, amine or chelating agent, and a suitable
moisture-controlling treatment.

[0026] Itis notso easy to sweepingly define the conditions for the silane treatment, but the treatment may be effected,
for example, at a temperature from ambient to 700°C, for not longer than 96 hours of immersion period of time, under
a pressure of not higher than 0.1 or not higher than 30 MPa in a gaseous or liquid phase or under supercritical state.
In order to secure the efficient silane treatment, an immersion treatment, shaking under heating, supersonic dispersion,
etc. in a suitable solvent, such as alcohols, esters and hydrocarbons, may suitably be conducted. There is no limitation
in the concentration of the silane treating agent, but, usually a concentration ranging 1 to 30 % by weight suffices.
[0027] After the silane treatment, the catalyst is separated by filtration, washed, dried and then calcined at a tem-
perature of 400 to 750°C for 2 to 24 hours, preferably in an oxidative atmosphere, to improve the catalytic activity and
selectivity.

[0028] The silica-modified catalysts thus prepared may be used as they are. Alternatively, they may be in combination
with other aluminosilicate molecular sieves, which have been silica-modified in a similar way, such as chabazite, mor-
denite, erionite, ferrierite, epistilbite, clinoptilolite, paulingite, phillipsite, levynite, zeolite-A, RHO, ZK-5, FU-1 and ZSM-
5. These catalysts may be shaped as they are. Alternatively, shaping may be made with a suitable binder clay mineral,
such as kaolinite, halloysite, nacrite, montmorillonite, illite, etc. The shaped products are used for various reactions,
for example, for production of methylamines and lower olefins.

[0029] The silica-modified silicoaluminophosphate molecular sieves are used as a catalyst for the production of meth-
ylamines through a reaction of methanol with ammonia or monomethylamine, or through a disproportionation reaction
of monomethylamine, or for production of lower olefins from methanol. These reactions are preferably conducted on
a gas phase fixed bed, or by passing through a fluidizing bed, but the present invention is not limited to such ways of
reactions.

[0030] In the production of methylamines through a reaction of methanol with ammonia or monomethylamine, or
through disproportionation of monomethylamine, a reaction temperature within the range of 200 to 400°C is preferable,
particularly, 250 to 350°C being more preferable. There is no limitation in the reaction pressure. Thus, it may be from
reduced to superatmospheric pressure. Preferably, the reaction is conducted within the pressure range of 0.1 to 10 MPa.
[0031] For the production of dimethylamines, which is the most important among methylamines, from methanol and
ammonia, the following process is preferable. Thus, the process comprises two steps, i.e., a Step 1 in which a material
mainly composed of methanol and ammonia is subjected to a reaction over a catalyst to form methylamines containing
monomethylamine and dimethylamine, and a Step 2 in which the monomethylamine obtained in the Step 1 is subjected
to a disproportionation reaction over a catalyst to convert it to dimethylamine. A silica-modified crystalline silicoalumi-
nophosphate molecular sieve is used as a catalyst in at least one of the Steps 1 and 2.

[0032] The process is conducted in a primary reactor for Step 1 and in a secondary reactor for Step 2. In Step 1, a
material mainly composed of methanol and ammonia is subjected to a reaction over a catalyst to form methylamines
containing monomethylamine and dimethylamine. After the reaction is over, recovery of ammonia containing mono-
methylamine, recovery of trimethylamine, dehydration, and then recovery of monomethylamine and dimethylamine,
are conducted. These recoveries are effected generally through distillation. The recovered ammonia and trimethyl-
amine are recycled to the primary reactor in Step 1. The recovered monomethylamine is fed to the secondary reactor
in Step 2 for conversion to dimethylamine through a disproportionation reaction. Though it is possible to recycle the
recovered monomethylamine into the primary reactor for the disproportionation, preference is that the secondary re-
actor for the disproportionation is provided for efficient conversion of the recovered monomethylamine to dimethyl-
amine. Thus, objective dimethylamine formed in Steps 1 and in 2 is recovered. The reactions in Steps 1 and in 2 are
preferably conducted on a gas phase fixed bed, or by passing through a fluidizing bed, but the invention is not limited
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to such ways of reactions. The primary reactor and the secondary reactor may be installed each in single or plural.
[0033] The materials in Step 1 are methanol and ammonia, which may contain dimethyl ether or methylamines. The
material in Step 2 is monomethylamine, which may contain methanol and dimethyl ether along with other methylamines.
In each of Steps 1 and 2, the reaction is preferably effected at a temperature of 200 to 400°C. A temperature of 250
to 350°C is particularly preferable from the viewpoints of dimethylamine selectivity and catalyst activity. The catalysts
filled in the primary reactor and in the secondary reactor may be the same or different from each other. The catalyst
is preferably filled as a single layer or in a number of layers. Particularly preferable is that in which a number of layers
filled with a catalyst are provided and the material is separately supplied to each of the plural catalyst layers, from the
viewpoints of removal of reaction heat, prevention of side reactions due to temperature elevation in the catalyst layer,
and avoidance of catalyst life deterioration.

[0034] Reaction pressures in Step 1 and in Step 2 are preferably within the range of 0.1 to 10 MPa, more preferably
0.5 to 2 MPa. As for material feeding rates (GHSV 1/h) in Step 1 and in Step 2, a higher rate is preferred from the
viewpoint of productivity, but too high rate causes decrease in the material conversion ratio. In this invention, a GHSV
of 100 to 10,000 per hour is generally preferable. Under the reaction conditions as above, a methylamine mixture is
obtained at an outlet of the primary reactor, said mixture having a composition usually containing 20 to 40 % by weight
of monomethylamine and 60 to 80 % by weight of dimethylamine based on a total amount of methylamines. There is
few amount of trimethylamine in the methylamine mixture. Accordingly, the yield of dimethylamine is further improved
by providing the Step 2 in which monomethylamine is effectively converted to dimethylamine.

[0035] Forthe production of lower olefins having 2 to 4 carbon atoms from methanol, the feeding material is methanol,
dimethyl ether, ora mixture thereof. Water, nitrogen or other inert gas may be accompanied in order to accelerate the
reaction or to prevent the retention. A reaction temperature within the range of 250 to 500°C, particularly, 350 to 450°C,
is preferable. There is no limitation for the reaction pressure, and the reaction can be conducted under a reduced to
superatmospheric pressure. Normally, a pressure ranging from 0.01 to 10 MPa is preferable.

Examples

[0036] The invention will more fully be described with respect to the following Examples, Reference Example and
Comparative Examples. In these Examples and Comparative Examples, the reaction is allowed to proceed in a flowing
reaction apparatus provided with a material tank, a material-feeding pump, an inert gas introducing device, reactors
(made of SUS 316L, 13 ¢ inner diameter and 300 mm length), a sampling tank, back pressure valves, etc. Two to four
hours after the reaction reaches the stationary conditions, samples are taken during about 1 hour, which were analyzed
by gas chromatography to estimate the composition distribution of the products.

Catalyst Preparation 1
Silica-modified SAPO-34:

[0037] To a mixture of 151.47 g of an aqueous 35 % tetraethylammonium hydroxide solution and 84.2 g of pure
water, cooled to 0°C, was added 81.7 g of aluminum isopropoxide portionwise over 3 minutes, and the mass was
subjected to high speed stirring for 15 minutes. Then, 12 g of silica sol was added thereto, and the mass was subjected
to a high speed stirring for 5 minutes to form a uniform reaction mass, to which 46.1 g of 85 % phosphoric acid was
added. After 5 minutes stirring as above, the mass was subjected to a trituration treatment for 1 hour. The resulting
mixture was heated in an autoclave at 200°C for 4 hours, and the solid product was separated by centrifugation, washed
with water 4 times, dried overnight at 110°C, and then calcined in the air at 600°C for 4 hours, to give 40 g of colorless
crystalline powder. An XRD analysis of the powder exhibited a diffraction pattern of SAPO-34. The product had a high
crystallinity with uniform and even particle size according to scanning electron microscope (SEM) observation. The
water content of the crystalline product was adjusted to 10 % by weight, and the product was immersed in a dry toluene
solution containing 13 % of tetraethoxysilane (TEOS) for 16 hours. Then, the crystals were separated by filtration, dried
in vacuo at 120°C for 4 hours, and then calcined at 600°C for 3 hours in the air to give 37.9 g of the entitled silica-
modified SAPO-34 (Catalyst 1).

Catalyst Preparation 2
Silica-modified SAPO-17:
[0038] The procedure was repeated in similar way as in Catalyst Preparation 1, except that the tetraethylammonium

hydroxide as templating agent was replaced by cyclohexylamine. After hydrothermal treatment at 200°C for 24 hours,
35 g of crystalline powder was obtained. A sharp pattern of XRD diffraction exhibited that the highly crystalline product
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was SAPO-17, which was then subjected to a silane treatment in similar way as in Catalyst Preparation 1 to give the
entitled silica-modified SAPO-17 (Catalyst 2).

Catalyst Preparation 3
Silica-modified SAPO-18:

[0039] To a mixture of 49.0 g of an aqueous 40 % tetraethylammonium hydroxide solution and 36 g of pure water,
cooled to 0°C, was added 27.2 g of aluminum isopropoxide portionwise over 3 minutes, and the mass was subjected
to high speed stirring for 15 minutes. Then, 0.2 g of 37 % hydrogen chloride was dropped, 12 g of a silica sol was
added thereto, and the mass was subjected to high speed stirring for 5 minutes to form a uniform reaction mass, to
which 15.1 g of 85 % phosphoric acid was added. After 5 minutes stirring as above, the mass was subjected to a
trituration treatment for 1 hour. The resulting mixture was heated in an autoclave at 200°C for 120 hours, and the solid
product was separated by centrifugation, washed with water 4 times, dried overnight at 110°C, and then calcined in
the air at 600°C for 4 hours, to give 40 g of colorless crystalline powder. An XRD analysis of the powder exhibited a
diffraction pattern of SAPO-18. A silane treatment in similar way as in Catalyst Preparation 1 gave the entitled silica-
modified product (Catalyst 3).

Catalyst Preparation 4
Silica-modified CoOSAPO-34:

[0040] The procedure was repeated as in Catalyst Preparation 1, except that 2.5 g of cobalt acetate was added as
a metal source, to give cobalt-containing SAPO-34, which was silane-treated as in above, to give the entitled silica-
modified CoSAPO-34 (Catalyst 4).

Catalyst Preparation 5
Silica-modified TISAPO-34:

[0041] The procedure was repeated as in Catalyst Preparation 4, except that titanium isopropoxide as a Ti-source
was used in place of the cobalt acetate, to give TISAPO-34, which was then silane-treated to give the entitled silica-
modified product (Catalyst 5).

Catalyst Preparation 6

[0042] To a mixture of 151.47 g of an aqueous 35 % tetraethylammonium hydroxide solution and 84.2 g of pure
water, kept at 30°C, was added 81.7 g of aluminum isopropoxide portionwise over 3 minutes, and the mass was
subjected to high speed stirring for 15 minutes. Then, 12 g of a silica sol was added thereto, and the mass was subjected
to high speed stirring for 5 minutes to form a uniform reaction mass, to which 46.1 g of 85 % phosphoric acid was
added. After 5 minutes stirring as above, the mass was subjected to a trituration treatment for 1 hour. The resulting
mixture was heated in an autoclave at 200°C for 4 hours, and the solid product was separated by centrifugation, washed
with water 4 times, dried overnight at 110°C, and then calcined in the air at 600°C for 4 hours, to give 40 g of colorless
crystalline powder. An XRD analysis of the powder exhibited a diffraction pattern of SAPO-34, but the pattern is not
so sharp, which exhibits a low crystallinity. According to SEM observation, the particle size is uneven and the presence
of impurities was recognized. The crystals were silane-treated in similar way as in Catalyst Preparation 1, to give silica-
modified SAPO-34 (Catalyst 6).

Catalyst Preparation 7

[0043] According to the prior art disclosed in JP 59-35018A, a catalyst was prepared as follows: To a mixture of 51.3
g of 85 % phosphoric acid and 160 g of water was added 90.7 g of aluminum isopropoxide under stirring. Furthermore,
12 g of a 30 % by weight silica sol was added thereto, and the mixture was stirred to form a uniform mass, to which
27.2 g of an aqueous 40 % tetraethylammonium hydroxide solution was added. After mixing under stirring, the resulting
mixture was heated in an autoclave at 200°C for 40 hours. The solid product was separated by centrifugation, washed
4 times with water, dried overnight at 110°C, and calcined at 600°C in the air for 4 hours, to give 40 g of colorless
crystalline powder. An XRD analysis of the powder exhibited a diffraction pattern of SAPO-34, but the pattern is not
so sharp when compared with that in Catalyst 1, and the degree of crystallinity is small. SEM observation exhibited
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that crystalline particles are uneven. The crystals were adjusted to 10 % by weight moisture content, and immersed in
a dry toluene solution containing 13 % of tetraethoxysilane (TEOS) for 16 hours. Thereafter, the crystals were separated
by filtration, dried at 120°C in vacuo for 4 hours, and then calcined in the air at 600°C for 3 hours, to give silica-modified
SAPO-34 (Catalyst 7).

Comparative Catalyst Preparation 1

[0044] Mordenite (SiO,/Al,O5 = 16) was used as the molecular sieve, which was silane-treated in similar way as
above, to give silica-modified mordenite (to be used in Comparative Example 9).

(Production of Methylamines)
Example 1

[0045] Into a reactor filled with 4.5 g (10 ml volume) of Catalyst 1 was fed a material mixture (methanol : ammonia
=1:1) atarate of 15 g per hour with a space velocity (GHSV : 1/h) of 1,500, and the reaction was allowed to proceed
at a temperature of 320°C under a pressure of 2 MPa. Methanol conversion ratio was 99.4 %, and the selective ratios
of mono-, di- and trimethylamine were 35 %, 63 % and 2 % by weight, respectively.

Example 2

[0046] Procedure in Example 1 was repeated, except that the space velocity was 3,500, instead of 1,500. Methanol
conversion ratio was 93.1 %, and the selective ratios of mono-, di- and trimethylamine were 38 %, 61 % and 1 % by
weight, respectively.

Example 3

[0047] Procedure in Example 1 was repeated, except that the space velocity was 5,000, instead of 1,500. Methanol
conversion ratio was 90.4 %, and the selective ratios of mono-, di- and trimethylamine were 43 %, 57 % and 0 % by
weight, respectively.

Reference Example 1

[0048] Results from a methylamine conversion reaction shown in Example 3 described in JP 59-227841A, which is
one of prior arts using a steam-treated Na-mordenite catalyst, are reproduced herein.

Reaction temperature: 320°C

Pressure: 1.8 MPa

Material composition: a same amount mixture of methanol and ammonia
Space velocity (1/h): 1420 4280
Methanol conversion (%): 95.8 68.5
Selective ratios (% by weight):

monomethylamine 34.7 45.6
dimethylamine 56.3 50.8
trimethylamine 9.0 3.6

Examples 4 through 6

[0049] Using Catalysts 3 through 5, respectively, reactions of ammonia and methanol were conducted in similar way
as in Example 1, with the results as shown in Table 1, in which MA, DMA and TMA means monomethylamine, dimeth-
ylamine and trimethylamine, respectively.

Example 7

[0050] Using Catalyst 6, which has been prepared with a material mixing temperature of 30°C as shown in Catalyst
Preparation 6, the reaction of methanol and ammonia was conducted in similar way as in Example 1, with the results
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Example 8

[0051]

Comparative Example 1
[0052]

the results as shown below:

Comparative Example 2

EP 0 893 159 B1

Methanol conversion ratio: 89.5 %

89.5 %

Selective ratios:

monomethylamine
dimethylamine
trimethylamine

29 % by weight
57 % by weight
14 % by weight

Using Catalyst 7, which has been prepared according to one of prior arts (JP 59-35018A), as shown in Catalyst
Preparation 7, the reaction was conducted in similar way as in Example 1, with the results as shown below:

Methanol conversion ratio:

Selective ratios:
monomethylamine
dimethylamine
trimethylamine

83.5 %

40 % by weight
38 % by weight
22 % by weight

According to the method mentioned in Catalyst Preparation 1, SAPO-34 was prepared. The SAPO-34 was
used, without silica-modification, as catalyst. A reaction was conducted in otherwise similar way as in Example 1, with

Methanol conversion ratio:

Selective ratios:
monomethylamine
dimethylamine
trimethylamine

83 %

30 % by weight
30 % by weight
40 % by weight

[0053] Using a silica-alumina catalyst (Nitto Chemical Industry Co., Ltd.: NH-H3N, referred to as "equilibrium-type
catalyst"), a reaction was conducted at a temperature of 390°C under a pressure of 2 MPa with a GHSV of 1,400/h.
The results are as follows:

Methanol conversion ratio: | 99.8 %

Selective ratios:

momethylamine
dimethylamine
trimethylamine

24 % by weight
25 % by weight
51 % by weight

Comparative Examples 3 and 4

[0054] Using catalysts which were prepared in similar way as in Catalysts 3 and 4, respectively, but were not silica-
modified, reactions of methanol and ammonia were conducted as in Example 1. The results are collectively shown in
Table 1.

Example 9

[0055] Into a reactor filled with 4.5 g (10 ml volume) of Catalyst 1 was fed a material mixture (monomethylamine
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containing 10 % by weight of methanol) with a space velocity (GHSV : 1/h) of 800, and the reaction was allowed to
proceed at a temperature of 320°C under a pressure of 2 MPa, with the results as below:

Monomethylamine conversion ratio: | 76 % by weight
Methanol conversion ratio: 99.9 % by weight
Selective ratios:
dimethylamine 96 % by weight
trimethylamine 4 % by weight

Example 10

[0056] Into a reactor filled with 2.0 g (4.0 ml volume) of Catalyst 1 was fed monomethylamine with a space velocity
(GHSV : 1/h) of 500, and a disproportionation reaction was allowed to proceed at a temperature of 320°C under a
pressure of 2 MPa to form ammonia and dimethylamine. The results are as follows:

Monomethylamine conversion ratio: | 80.0 %

Selective ratios:
dimethylamine 99 % by weight
trimethylamine 1 % by weight

Examples 11 through 13

[0057] Using Catalysts 2 through 4, respectively, disproportionation reactions of monomethylamine were conducted
at a temperature of 320°C under a pressure of 2 MPa, as in Example 10. The results are collectively listed in Table 1.

Comparative Examples 5 through 8

[0058] Using catalysts which were prepared in similar way as in Catalysts 1 through 4, respectively, but were not
silica-modified, disproportionation reactions of monomethylamine were conducted as in Example 10. The results are
collectively shown in Table 1.

Comparative Example 9

[0059] Using silica-modified mordenite, a disproportionation reaction of monomethylamine was conducted as in Ex-
ample 10. The results are shown in Table 1.

Table 1

Results from Examples and Comparative Examples (Production of methylamines)

Examples Catalysts Temp. | GHSV | Conversion Selectivity (wt.%)

°C 1/h (wt. %) MA DMA | TMA

Ex. 1 Cat. 1 320 1500 99.4 35 63 2
(silica-mod. SAPO-34)

Ex. 2 Cat. 1 320 3500 93.1 38 61 1
(silica-mod. SAPO-34)

Ex. 3 Cat. 1 320 5000 90.4 43 57 0
(silica-mod. SAPO-34)

Ref. 1 Na-mordenite 320 1420 95.8 34.7 | 56.3 9.0
Na-mordenite 320 4280 68.5 456 | 50.8 3.6

Ex. 4 Cat. 3 320 1500 98.8 37 61 2
(silica-mod. SAPO-18)

Ex. 5 Cat. 4 320 1500 98.6 38 60 2
(silica-mod. SAPO-34)

Ex. 6 Cat. 5 320 1000 99.6 37 62 1
(silica-mod. SAPO-34)

10
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Table 1 (continued)

Results from Examples and Comparative Examples (Production of methylamines)

Examples Catalysts Temp. | GHSV | Conversion Selectivity (wt.%)
°C 1/h (wt. %) MA DMA | TMA

Ex. 7 Cat. 6 320 1500 89.5 29 57 14
(silica-mod. SAPO-34)

Ex. 8 Cat. 7 320 1500 83.5 40 38 22
(silica-mod. SAPO-34)

Comp. 1 SAPO-34 320 1500 83.0 30 30 40

Comp. 2 Equilibrium-type silica-alumina cat. 390 1400 99.8 24 25 51

Comp. 3 | SAPO-18 320 1500 82.0 28 30 42

Comp.4 | CoSAPO-34 320 1500 88.0 33 30 34

Ex. 9 Cat. 1 320 800 76/99.9 96 4

(silica-mod. SAPO-34)

Ex. 10 Cat. 1 320 500 80.0 99 1
(silica-mod. SAPO-34)

Ex. 11 Cat. 2 320 500 76.8 98 2
(silica-mod. SAPO-17)

Ex. 12 Cat. 3 320 500 79.2 98 2
(silica-mod. SAPO-18)

Ex. 13 Cat. 4 320 500 78.8 97 3
(silica-mod. CoSAPO-34)

Comp. 5 SAPO-34 320 500 71.0 91 9

Comp. 6 SAPO-17 320 500 70.8 90 10

Comp. 7 SAPO-18 320 500 73.4 90 10

Comp. 8 CoSAPO-34 320 500 67.5 92 8

Comp. 9 silica-mod. mordenite 320 500 67.2 69 31

Example 14

[0060] Reference is made to the accompanying drawing.

[0061] A reaction was conducted using a primary reactor filled with 20 ml of Catalyst 1 and a secondary reactor also
filled with 4ml of Catalyst 1, each at a temperature of 320°C under a pressure of 2 MPa.

[0062] Into the primary reactor were fed methanol and ammonia, together with recycled ammonia from a distillation
system containing methylamines, with a space velocity (GHSV : 1/h) of 1580. Monomethylamine separated and re-
covered from the distillation system was fed to the secondary reactor with a space velocity of 470. The material balance
in the process flow is shown in Table 2. In this instance, the amount of dimethylamine formed was 9.1 g per hour.

Comparative Example 10

[0063] Reference is also made to the accompanying drawing.

[0064] A reaction was conducted using a primary reactor filled with 20 ml of steam-treated Na mordenite (which is
prepared according to the description of JP59-227841A) and a secondary reactor filled with 4 ml of a silica-alumina
catalyst (manufactured by Nitto Chemical Industry Co., Ltd.: NH-H3N), each at a temperature of 320°C under a pressure
of 2 MPa.

[0065] Into the primary reactor were fed methanol and ammonia, together with recycled ammonia from a distillation
system containing methylamines, with a space velocity (GHSV : 1/h) of 1,550. Monomethylamine and trimethylamine
separated and recovered from the distillation system were fed to the secondary reactor with a space velocity of 800.
The material balance in the process flow is shown in Table 2. In this instance, the amount of dimethylamine formed
was 6.0 g per hour.

11
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Table 2
Material balance (unit: g/h)
Passage No. 1 2 3 4 5 6
NH3 155 | 113 11.9
MA 2.3 43 | 26 4.8
Ex. DMA 7.8 9.2 | 01 9.1
14 TMA 0.2 0.2 | 01
MeOH | 13.7 0.1 0.1
H,O 7.7 7.7
Total 315 | 314 | 26 | 339 | 0.2 | 91
NH3 151 | 1.3 1.3
MA 23 42 | 0.8 5.0 | 0.1
Comp. | DMA 6.1 | 0.8 6.9 | 0.1 6.0
Ex. TMA 1.2 | 11 25 | 11
10 MeOH | 13.6 1.0 1.0
H,O 7.0 7.0
Total 310 | 30.8 | 27 | 337 | 1.3 | 6.0
MA : monomethylamine
DMA: dimethylamine
TMA: trimethylamine
MeOH: methanol

(Production of lower olefins)

Example 15

[0066] Using Catalyst 1 which has been silica-modified, a conversion reaction of methanol to olefins was conducted
at a temperature of 420°C with a methanol feeding rate of WHSV (1/h) 1 under a pressure of 0.1 MPa. The results are
shown in Table 3, wherein "Life" means the catalyst life expressed as "hours" until not less than 1 % of dimethyl ether
was formed.

Example 16

[0067] Using Catalyst 7 which has been prepared according to a conventional method and then modified with silica,
a reaction was conducted in similar way as in Example 15. The results are shown in Table 3.

Comparative Example 11

[0068] Using SAPO-34 made by UOP which has not been silica-modified, a reaction was conducted in similar way
as in Example 15. The results are shown in Table 3.

Table 3
Temp. °C | Methanol conversion (mol %) | Selectivity (mol %) Life h
C, | Gy | Cf | Total
Ex. 15 Cat. 1 420 100 50 40 4 94 15
Ex. 16 Cat. 7 420 100 50 32 5 87 9
Comp. 11 | SAPO-34 420 100 50 30 7 87 5
(made by UOP)
C," ethylene
C;'": propylene

12



10

15

20

25

30

35

40

45

50

EP 0 893 159 B1

Table 3 (continued)

Temp. °C | Methanol conversion (mol %) | Selectivity (mol %) Life h

c; | cy | ¢ | Total

C,'": butene

Claims

A catalyst comprising a silica-modified crystalline silicoaluminophosphate molecular sieve, wherein silicon atoms
are accumulated, precipitated or coated on the surface thereof by a vapor phase silane treatment through chemical
vapor deposition (CVD) or by silane treatment with organic silicon compounds.

The catalyst according to claim 1, wherein the silica-modified crystalline silicoaluminophosphate molecular sieve
is prepared by silica-modifying at least one of crystalline silicoaluminophosphates selected from the group con-
sisting of SAPO-5, 11, 17, 18, 26, 31, 33, 34, 35, 42, 43, 44, 47 and 56.

The catalyst according to claim 1, wherein the silica-modified crystalline silicoaluminophosphate molecular sieve
is prepared by silica-modifying a crystalline silicoaluminophosphate molecular sieve of H-type partially replaced
or not by atoms selected from the group consisting of Li, Ti, Zr, V, Cr, Mn, Fe, Co, Zn, Be, Mg, Ca, B, Ga and Ge.

A method for preparing the catalysts of claim 1 comprising silica-modified crystalline silicoaluminophosphate mo-
lecular sieves, which comprises adding an aluminum alkoxide to an aqueous amine or organic ammonium salt
solution cooled at a temperature of not higher than 20 °C, followed by hydrolysis, until a uniform aqueous aluminum
hydroxide colloid or solution is formed, adding, to the colloid or solution, silica or other si-source compounds, and
phosphoric acid or other P-source compounds, if desired, along with a metal source selected from the group of
Li, Ti, Zr, V, Cr, Mn, Fe, Co, Zn, Se, Mg, Ca, B, Ga and Ge, hydrothermally treating the resulting mixture to prepare
a crystalline silicoaluminophosphate molecular sieve, and then modifying the crystalline silicoaluminophosphate
molecular sieve with silica on the surface thereof by a vapor phase silane treatment through chemical vapor dep-
osition (CVD) or by silane treatment with an organic silicon compound.

A process for producing methylamines, which comprises contacting a silica-modified crystalline silicoaluminophos-
phate molecular sieve, wherein silicon atoms are accumulated, precipitated or coated on the surface thereof by a
vapor phase silane treatment through chemical vapor deposition (CVD) or by silane treatment with organic silicon
compounds

a) with methanol and ammonia, or

b) with methanol and monomethylamine or

c) with a material feed containing one or more methylamines thereby to form methylamines having a higher
content of dimethylamine that that in the material feed.

A process according to claim 5c), wherein the material feed is monomethylamine.

A process according to claim 5a) for producing dimethylamine, which comprises the contact of methanol with
ammonia, wherein in step 1 a material mainly composed of methanol and ammonia is subjected to a reaction over
a catalyst to form methylamines containing monomethylamine and dimethylamine, and in step 2 the monometh-
ylamine obtained in step 1 is subject to a disproportionation reaction over a catalyst to convert it to dimethylamine,
wherein at least one of the catalysts in steps 1 and 2 is a silica-modified crystalline silicoaluminophosphate mo-
lecular sieve, wherein silicon atoms are accumulated, precipitated or coated on the surface thereof.

Patentanspriiche

Katalysator, gekennzeichnet durch ein mit Siliziumdoxid modifiziertes kristallines Silizium-Aluminiumphosphat-
Molekularsieb, worin Siliziumatome mittels Dampfphasen-Silan-Behandlung durch Dampfphasenabscheidung
(CVD) oder durch Silan-Behandlung mit organischen Siliziumverbindungen auf der Oberflache des Molekularsiebs
angereichert, ausgefallt oder abgelagert werden.
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2. Katalysator nach Anspruch 1, dadurch gekennzeichnet, daB das mit Siliciumdioxid modifizierte kristalline Silizi-

um-Aluminiumphosphat-Molekularsieb durch Siliziumdioxid-Modifizierung wenigstens eines kristallinen Silizium-
Aluminiumphosphats, ausgewahlt aus der Gruppe bestehend aus SAPO-5, -11, -17, -18, -26, -31, -33, -34, -35,
-42, -43, -44, -47 und -56, hergestellt wird.

3. Katalysator nach Anspruch 1, dadurch gekennzeichnet, daB das mit Siliciumdioxid modifizierte kristalline Silizi-
um-Aluminiumphosphat-Molekularsieb durch Siliziumdioxid-Modifizierung eines kristallinen Silizium-Aluminiump-
hosphat-Molekularsiebs des H-Typs, teilweise ersetzt oder nicht durch Atome, ausgewahlt aus der Gruppe beste-
hend aus Li, Ti, Zr, V, Cr, Mn, Fe, Co, Zn, Be, Mg, Ca, B, Ga und Ge, hergestellt wird.

4. Verfahren zur Herstellung der Katalysatoren nach Anspruch 1, die mit Siliciumdioxid modifizierte kristalline Silizi-
um-Aluminiumphosphat-Molekularsiebe umfassen, gekennzeichnet durch die Zugabe eines Aluminiumalkoxids
zu einer walrigen Aminlésung oder einer organischen Ammoniumsalzlésung, die auf eine Temperatur von nicht
hoher als 20°C gekuhlt wurde, gefolgt von einer Hydrolyse, bis ein gleichférmiges waRriges Aluminiumhydroxid-
Kolloid oder eine ebensolche Lésung gebildet wird, die nachfolgende Zugabe von Siliciumdioxid oder anderen
siliziumhaltigen Verbindungen und Phosphorsaure oder anderen phosphorhaltigen Verbindungen zu diesem Kol-
loid oder dieser Lésung, gewlinschtenfalls zusammen mit einer metallhaltigen Verbindung, ausgewahit aus der
Gruppe aus Li, Ti, Zr, V, Cr, Mn, Fe, Co, Zn, Se, Mg, Ca, B, Ga und Ge, die hydrothermale Behandlung des
resultierenden Gemischs zwecks Herstellung eines kristallinen Silizium-Aluminiumphosphat-Molekularsiebs, und
die nachfolgende Modifizierung der Oberflache des kristallinen Silizium-Aluminiumphosphat-Molekularsiebs mit
Siliciumdioxid mittels Dampfphasen-Silan-Behandlung durch Dampfphasenabscheidung (CVD) oder durch Silan-
Behandlung mit einer organischen Siliziumverbindung.

5. Verfahren zur Herstellung von Methylaminen, gekennzeichnet durch das In-Kontakt-Bringen eines mit Silicium-
dioxid modifizierten kristallinen Silizium-Aluminiumphosphat-Molekularsiebs, worin Siliziumatome mittels Dampf-
phasen-Silan-Behandlung durch Dampfphasenabscheidung (CVD) oder durch Silan-Behandlung mit organi-
schen Silizium-Verbindungen auf der Oberflache des Molekularsiebs angereichert, ausgefallt oder abgelagert wer-
den,

a) mit Methanol und Ammoniak oder

b) mit Methanol und Monomethylamin oder

c) mit einem ein oder mehrere Methylamin(e) enthaltenden zugefiihrten Material, um Methylamine zu erhalten,
die einen héheren Dimethylamingehalt haben als das zugeflihrte Material.

6. Verfahren nach Anspruch 5c), dadurch gekennzeichnet, daB das zugefiihrte Material Monomethylamin ist.

7. Verfahren nach Anspruch 5a) zur Herstellung von Dimethylamin, gekennzeichnet durch Kontakt von Methanol
mit Ammoniak, wobei in Schritt 1 ein hauptsachlich aus Methanol und Ammoniak bestehendes Material einer
katalysierten Reaktion zur Bildung von Monomethylamin und Dimethylamin enthaltenden Methylaminen unterzo-
gen wird, und in Schritt 2 das in Schritt 1 erhaltene Monomethylamin einer katalysierten Disproportionierungsre-
aktion zur Umsetzung zu Dimethylamin unterzogen wird, wobei wenigstens einer der Katalysatoren aus Schritt 1
und 2 ein mit Siliciumdioxid modifiziertes kristallines Silizium-Aluminiumphosphat-Molekularsieb ist, worin Siliziu-
matome auf der Oberflache des Molekularsiebs angereichert, ausgefallt oder abgelagert werden.

Revendications

1. Catalyseur comprenant un tamis moléculaire de silicoaluminophosphate cristallin modifié a la silice, dans lequel
des atomes de silicone sont accumulés, précipités ou enduits sur la surface de celui-ci par un traitement au silane
en phase vapeur par dép6t en phase vapeur (CVD) ou par un traitement au silane avec des composés de silicium
organique.

2. Catalyseur selon la revendication 1, dans lequel le tamis moléculaire en silicoaluminophosphate cristallin modifié
a la silice est préparé en modifiant a la silice au moins un des silicoaluminophosphates cristallins choisi dans le

groupe comprenant SAPO-5, 11, 17, 18, 26, 31, 33, 34, 35, 42, 43, 44, 47 et 56.

3. Catalyseur selon la revendication 1, dans lequel le tamis moléculaire en silicoaluminophosphate cristallin modifié
a la silice est préparé en modifiant a la silice un tamis moléculaire de silicoaluminophosphate cristallin du type H

14
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partiellement remplacé ou non par des atomes choisis dans le groupe comprenant Li, Ti, Zr, V, Cr, Mn, Fe, Co,
Zn, Be, Mg, Ca, B, Ga et Ge.

Procédé de préparation de catalyseurs selon la revendication 1, comprenant des tamis moléculaires en silicoalu-
minophosphate cristallin modifié a la silice, qui comprend I'addition d'un alcoxyde d'aluminium a une solution d'ami-
ne aqueuse ou a une solution de sel d'ammonium organique refroidie a une température pas supérieure a 20°C,
suivie de I'hydrolyse, jusqu'a la formation d'un colloide ou d'une solution d'hydroxyde d'aluminium aqueux et uni-
forme, I'addition, au colloide ou a la solution, de silice ou d'autres composés sources de Si, et d'acide phosphorique
ou d'autres composés sources de P, si souhaité, conjointement avec une source de métal choisie dans le groupe
composé de Li, Ti, Zr, V, Cr, Mn, Fe, Co, Zn, Se, Mg, Ca, B, Ga et Ge, le traitement hydrothermique du mélange
résultant de maniere a préparer un tamis moléculaire en silicoaluminophosphate cristallin puis la modification du
tamis moléculaire en silicoaluminophosphate cristallin avec de la silice sur la surface de celui-ci par un traitement
au silane en phase vapeur par le dép6t chimique en phase vapeur (CVD) ou par un traitement au silane avec un
composé de silicium organique.

Processus de production de méthylamines, qui comprend la mise en contact d'un tamis moléculaire de silicoalu-
minophosphate modifié a la silice, dans lequel les atomes de silice sont accumulés, précités ou enduits sur la
surface de celui-ci par un traitement au silane en phase vapeur par un dép6t physique en phase vapeur (CVD)
ou par un traitement au silane avec des composés de silicium organique

a) avec du méthanol et de I'ammoniac, ou

b) avec du méthanol et de la monométhylamine, ou

c) avec une charge de matériau contenant une ou plusieurs méthylamines pour ainsi former des méthylamines
ayant une teneur supérieure en diméthylamine que celle de la charge de matériau.

Processus selon la revendication 5c), dans lequel la charge de matériau est la monométhylamine.

Processus selon la revendication 5a) de production de diméthylamine, qui comprend la mise en contact du mé-
thanol avec I'ammoniac, dans lequel a I'étape 1 un matériau principalement composé de méthanol et d'ammoniac
est soumis a une réaction sur un catalyseur de maniére a former des méthylamines contenant de la monométhy-
lamine et de la diméthylamine, et a I'étape 2 la monométhylamine obtenue a I'étape 1 est soumise a une réaction
de dismutation sur un catalyseur de maniéere a la convertir en diméthylamine, dans lequel au moins un des cata-
lyseurs aux étapes 1 et 2 est un tamis moléculaire de silicoaluminophosphate cristallin modifié a la silice, dans
lequel les atomes de silicium sont accumulés, précipités ou enduits sur la surface de celui-ci.
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